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157] ABSTRACT

In 1sotope mass spectrometry, there is the problem that

1n the case of very great frequency differences, the less

frequent masses are swamped by the more frequent
masses In the measurement result or that the corre-
sponding measurement result is falsified. A correction
device 18 proposed, which comprises a quadrupole mass
filter with a voltage supply device which is controlled
by the ion separation system and is designed in such a
manner that the supply voltages of the quadrupole mass
filter and thus its characteristic with respect to the mass
quantity to be allowed through are switched over syn-
chronously with the varying mass deflection setting of
the 10n separation system.

19 Claims, 3 Drawing Sheets
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PROCESS FOR THE MASS-SPECTROMETRIC
INVESTIGATION OF ISOTOPES, AS WELL AS
ISOTOPE MASS SPECTROMETER

BACKGROUND OF THE INVENTION

The invention relates to a process for the mass-spec-
trometnc investigation of isotopes, as well as an isotope
mass spectrometer. ] _

In a whole series of various sciences, the relative
1sotope frequencies of individual elements are used in
the investigation of substances as indicators for speci-
fied set questions. Merely by way of examples, refer-
ence is made here to medicine, in which, for example,
deuterium is used as a labelling substance and its relative
frequency in relation to hydrogen is investigated, or
geology, in which the determination of the age of rocks
is carried out, for example, by means of a determination
of the frequency of specified rubidium and strontium
1sotopes in the rock. In all cases, the matter of impor-
tance 1s to obtain exact information concerning the
frequency of isotopes which differ with respect to their
masses only by one single mass unit.

There are now a plurality of systematic error sources,
which lead to a situation in which isotopes of a specified
mass are attributed, in the course of the mass-spectro-
scopic investigation, to those which exhibit a different,
neighbouring mass (i.e. are falsely recognised). By way
of examples of such error sources, reference is made
here, only by way of key words, to errors in the inlet
system (separation of the masses by their flow velocity
‘1n the inlet system, errors in the ion source, separation
of the masses by magnetic fields, probability of ioniza-
tion, vaporization processes etc), errors in the separa-
tion system (e.g. homogeneity errors) or also error
sources in the ion detection system. It is also possible for
measurement errors to occur as a result of interactions
between the tons (in the ion source or in the separator)
or as a result of collision processes. These errors always
act in the form of an incursion onto the neighbour mass;
this is designated as abundance sensitivity.

In order to reduce the measurement error, arrange-
ments are now known which exhibit, on the one hand,
a sector magnet and, on the other hand, a downstream-
situated electrostatic sector field, which serves to mask
out ions which have lost energy on account of a scatter-
ing process. The incursions onto neighbour masses or
abundance sensitivity can be improved, by this, to val-
ues of approximately 10—7.

A further improvement can be achieved by tandem

mass spectrometers, in which two sector magnets are
disposed one behind the other with oppositely directed
deflection. In these arrangements, a pulse-controlled
two-fold deflection of the ion curren takes place. The
abundance sensitivity which can be achieved amounts
to approximately 10—12,

In both cases, it is therefore necessary to effect a
considerable expenditure on apparatus, in order to
achieve an improvement of the accuracy of measure-
ment.

OBJECT AND SUMMARY OF INVENTION

The object of the present invention is to develop
further the arrangement and process of the initially
mentioned type, to the end that a considerable improve-
ment in the accuracy of measurement is achieved by
simple means.
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In particular in circumstances in.which the mass spec-
trometer operates in scan operation and the quadrupole
mass filter i1s also run in stages, the accuracy of measure-
ment can be improved considerably in relation to the
former arrangements, without, in this case, having to
alter the scan operation in relation to the former mode
of procedure. In particular, indeed, in the case of the
tandem mass spectrometers, in which an exact synchro-
nism of the two deflecting units is required, hysteresis
problems occur, which permit only a restricted im-
provement in the accuracy of measurement.

The quadrupole mass filter 1s preterably operated so
that 1t 1s held uniformly over the entire scan range on a
transmission breadth of one mass unit; this 1s achieved
by a simuitaneous alteration of the direct-current volt-
age and of the superposed alternating-current voltage.

A further advantage of the invention resides in that
the quadrupole mass filter is “energy insensitive”, so

that 1ons of equal mass which have differing momentum
after scattering processes are recognised as equal
masses, but, on the other hand, differing masses of equal
energies can be separated by the quadrupole mass filter.

- This 1s ensured, in particular, in circumstances in which

the velocity of the ions entering the quadrupole mass
filter 1s not too large. It must indeed be ensured that the
10ns (which are to be separated off) have enough time to
build up omr their path through the quadrupole into
unstable trajectories. Preferably, as a result of this, a
retardation system 1s situated upstream of the quadru-
pole mass filter. This retardation system can advanta-
geously be designed as a quadrupole lens (operation
only with direct-current voltage).

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 shows a diagrammatic representation of the
entire arrangement of an 1sotope mass spectrometer
according to an embodiment of the invention:

FIG. 2 shows a characteristic to explain the scan
operation; and

FIG. 3 shows a representation in cross-section
through a trapping device with an upstream-connected
quadrupole mass filter and a retarding unit situated
upstream of the latter.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

As shown 1n FIG. 1, the arrangement comprises a

- static 10n separation system 10 (known per se), which

comprises an 1on source 11, a diaphragm 12 situated
downstream of the latter and a sector magnet 13. The
1on source 11 and the sector magnet 13 are controlled
by means of a control 21 of the ion separation system.

A trapping device is situated downstream of the ion
separation system 10. This trapping device comprises a
plurality of locally variable Faraday traps 27-30, which
form, together with a further trapping device 14 with an
upstream-situated correction device 18, a controllable
deflecting device 24 situated in front thereof and a gap
arrangement 31 arranged in front of the latter, a multi-
collector. The tons which pass through the gap arrange-
ment 31 can be supplied by the controllable deflecting
device 24 selectively either to a Faraday suspension 235,
to an electron multiplier 26 or to the trapping device 14
with the upstream-situated correction device 18. All
traps 14 and 25-30 are connected via preamplifiers 16
and A/D converters 17, to a processing unit 15, In

* which the measurement results can be evaluated.
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The correction device 18 comprises an ion retarda-

tion device 22 and a downstream-situated quadrupole

mass filter 19. The quadrupole mass filter 19 is supplied,
via a voltage supply device 20, with a direct-current
voltage, on which a high-frequency voltage is super-

posed. The voltage supply device 20 is controlled by
the processing unit 15 simultaneously with the ion sepa-

ration system 10.

‘The unit 18 with the downstream-situated trap 14 is
shown more precisely in FIG. 3 and held as a compo-
nent on a mounting platform. This component com-
prises an entrance opening 32 for the ions which then
enter the ion retardation device 22 through a gap 33.
This retardation device comprises rods 34, which are
combined into a quadrupole and which are held by
means of mountings 35 on the frame of the diaphragm
33. The 10ns pass out of the ion retardation device 22 via
a further diaphragm 36 into the quadrupole mass filter
19, which is flanged onto the retardation device 22 in a
housing 37. Situated downstream of the quadrupole
housing 37 is the trapping device 14, which comprises a
secondary electron multiplier, the electronic counting
system 38 of which is fitted behind the trapping device
14.

The operation of the arrangement-and the process
according to the invention are explained in greater de-
tail with reference to FIG. 2 hereinbelow. In this illus-
tration, the broken line shows the curve of the current
fed into the sector field magnet, and the dash-double dot
line shows the curve of the (combined) supply voltage
of the quadrupole mass filter with respect to time. Fur-
thermore, the illustration shows the mass stages, i.e.
those masses which, with appropriate setting of the
sector field (on this amplitude) would have, in the ideal
case, to be the only ones to reach the trapping device
14. As 1s evident from this illustration, the quadrupole
mass filter 1s always switched over from one mass to the
next when the sector field magnet effects a deviation
which would have to result in an impingement of ions
with a mass situated precisely in the middle between the
two masses in the trapping device 14. Thus, while the
magnetic field 1s continuously wvaried upwards (or
downwards) 1n accordance with a specified scan func-
tion, the individual masses are guided past the exit slit of
the sector device. This then gives the conventional mass
spectrum, which consists of individual peaks. By the
additional arrangement of the quadrupole mass filter,
which is switched over in stages, it is ensured that in the
case of a whole mass m of the mass spectrum, i.e. from
-m—0.5 to m+0.5, only the mass m and not, for exam-

ple, the neighbour mass m+ 1 or m—1, impinges on the

trapping device. As a result of this, a considerable im-
provement is achieved with respect to the blurring of
mutually adjacent peaks.

The arrangement of the quadrupole mass filter is of
great advantage also in the case of operation of the mass
spectrometer in the jumping mode, in which the mag-
netic field is set in stages successively (rapidly) to at
least two mass values and remains constant there for a
specified time, in order to count the impinging ions. In
particular, it 1s important here that a rapid switching-
over can take place easily in synchronism with the sec-
tor magnet.

We claim:

1. A method of mass spectrometry for analyzing iso-
topes comprising the steps of

generating '1sotope-1ons;
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passing said istop-ions through a static separation
system for separating isotope-ions of different
masses from one another;

passing said isotope-ions from said static separation
system through a settable correction device to a
trapping device for counting the 1sotope-ions
trapped by said trapping device;

operating said static separatton system for deflecting
1Isotope-ions 1n a scan or jumping mode for guiding
sald 1sotope-ions in a scan or jumping mode for
guiding said isotope-ions of different masses into
said trapping device in a one mass after the other
mode;

setting said correction device in accordance with said
scan or jumping operation mode of said static sepa-
ration system for passing, independently of their
momentum or their energy, isotope-ions having
those masses which correspond in their mass values
to the masses which are, at the very moment of
time, guided into the trapping device by the static
separation system, and for filtering out isotope-ions
having different masses.

2. A method according to claim 1, in which isotope-
ions are passed through a quadrupole mass filter as a
correction device. *

3. A method according to claim 2, in which a direct-
current and a high-frequency supply voltage source of
the quadrupole mass filter are adjusted at the same time
for a setting of the correction device such that a filter
band-width of masses passing through said correction
device 1s set uniformly to a specified range.

4. A method according to claim 3, in which said
range 15 (0.5 X mp~+nXmg), wherein (nxXmg) 1s the
mass value of the masses which are, at the very moment
of time, guided into the trapping device.

5. A method according to claim 1, in which the static
separation system is operated in a continuous scan mode
and the correction device is operated in steps such that
the setting of the correction device is switched over
from a passing mass (nXmg) to a neighbor mass
((n+1)Xmg) at a mass deflection setting of the static
separation system of (n X mo=tmop/2).

6. An 1sotope mass spectrometer comprising:

an 10n source for generating isotope ions;

a static separation system for settably separating iso-
tope-ions of different masses from one another
being set i one of a continuous scan operation
mode or a jumping operation mode:

a settable correction device for passing said 1sotope-
1ons from said static separation system to at least
one trapping device;

wherein said trapping device generates signals in
accordance with trapped isotope-ions, said signals
being processed by a central processing unit;

wherein said correction device is settable in accor-
dance with scan or jumping operation mode of said
static separation system for passing, independently
of their momentum, or their energy, isotope-ions
having those masses which correspond in their
mass values to the masses which are, at the very
moment of time, guided into said trapping device
by the static separation system, for filtering out
1sotope-10ns having different masses;

and wherein said correction device comprises a quad-
rupole mass filter and a voltage supply device
which 1s controlled by said static separation system
such that a filter characteristic of said quadrupole
mass filter 1s switched over synchronously with a
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varying mass deflection setting of the static separa-
tion system.

7. An 1sotope mass spectrometer according to claim
6, in which said voltage supply device switches over the
filter characteristics of said quadrupole mass filter steps.

8. An 1sotope mass spectrometer according to claim
7, in which said steps correspond to one mass unit (mo).

9. An isotope mass spectrometer according to one of
claims 7 or 8, in which said steps are arranged symmet-
rically about a mass deflection setting of the static sepa-
ration system in a scan operation mode such that a
switching over of the filter characteristics of said quad-
rupole mass filter takes place in accordance with a step
switching by one mass unit (mg) with a mass deflection
setting of (nXmo/2) of said static separation system.

10. An isotope mass spectrometer according to claim
7, in which the steps are dimensioned to be equal to a
mass deflection setting of said static separation system
In a jumping mode.

11. An i1sotope mass spectrometer according to claim
6, in which said static separation system comprises at
least one sector field magnet.

12. An 1sotope mass spectrometer according to claims
6, further comprising an ion retardation device being
located upstream of said quadrupole mass filter.
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13. An isotope mass spectrometer according to claim
12, in which said ion retardation device comprises at
least one quadrupole lens.

14. An 1sotope mass spectrometer according to claim
6, in which said at least one trapping device comprises
one electron multiplier device.

15. An 1sotope mass spectrometer according to claim
6, further comprising a controllable deflecting device
being located upstream of said trapping device at said
quadrupole mass filter for selectively supplying isotope-
ions to at least one further trapping device.

16. An 1sotope mass spectrometer according to claim
15, further comprising a retardation device being lo-
cated upstream of said quadrupole mass filter.

17. An 1sotope mass spectrometer according to claim
6, further comprising a plurality of locally settable sub-
sidiary trapping devices for forming a multi-collector
system.

18. An isotope mass spectrometer according to claim
17, 1in which said subsidiary trapping devices are con-
nected with said central processing unit and in which
said central processing unit is adapted to calculate ratios
between measurement signals for calculating ratios of
ion trapping frequencies or ion beam intensities.

19. An 1sotope mass spectrometer according to claim
17, further comprising diaphragm devices for being

mounted upstream of said trapping devices.
] X . sk



	Front Page
	Drawings
	Specification
	Claims

